Objective: Financial capacity is a cognitively-complex activity of daily living that has been shown to decline in a number of neurocognitive disorders. Although it has been well established that cognitive decline is common in multiple sclerosis (MS), little is known about possible financial capacity impairment in people with MS. Thus, the objective of the current study is to investigate financial capacity and its neurocognitive correlates in MS. Methods: Data from 22 people with progressive MS and a healthy comparison group composed of 18 adults were analyzed. MS diagnoses were made by a board-certified neurologist with experience in MS. Study participants were administered the Financial Capacity Instrument, a performance-based measure of financial capacity, and neuropsychological battery. Results: Overall financial capacity and most complex financial domains were significantly poorer for people with progressive MS in relation to the healthy comparison group, and a number of cognitive variables were associated with financial capacity declines. Conclusions: Financial capacity is a complex cognitively-mediated functional ability that was impaired in 50% of the current sample of people with progressive MS. These results indicate that people with progressive MS are at greater risk for showing impairment in complex financial tasks and should be clinically monitored for possible deficits in financial capacity.
Introduction
Financial capacity is a cognitively-mediated instrumental activity of daily living (IADL) that refers to a person's ability to carry out financial tasks and make sound decisions in financial matters (Marson et al., 2000) . Financial capacity is composed of a broad range of conceptual, pragmatic, and judgment abilities-ranging from basic skills (e.g., counting coins) to more complex skills (e.g., paying bills and using a bank statement) (Marson et al., 2000) . Given the importance these skills have in the life of an adult, financial capacity is associated with both personal autonomy and disability (Marson & Zebley, 2001) and is critical to successful independent living (Marson et al., 2000) .
It has been well established that multiple sclerosis (MS) is associated with cognitive decline (Chiaravalloti & DeLuca, 2008) and that people with MS are at risk of developing cognitive impairment (Ruet, Deloire, Charré-Morin, Hamel, & Brochet, 2013) and associated functional changes that include financial capacity (Tracy, Basso, Marson, Combs, & Whiteside, 2016) . It has also been well established that financial capacity deficits are common in neurocognitive disorders other than MS (Griffith et al., 2003; Marson et al., 2000; Martin et al., 2013) , and that deficits are largely driven by neurocognitive factors (Sherod et al., 2009) . For example, declines in financial skills have been shown to be common in people with amnestic mild cognitive impairment (aMCI) and pervasive in people with mild Alzheimer's disease (AD) (Gerstenecker, Triebel, Martin, Snyder, & Marson, in press; Marson et al., 2000; Triebel et al., 2009) . These declines in financial ability have been noted as largely driven by diminished written arithmetic skills and executive function in aMCI and by diminished written arithmetic skills, processing speed, and short-term verbal memory in AD (Sherod et al., 2009) .
Despite the established connections between cognitive impairment and financial skill decline and cognitive impairment and MS, little is known about financial capacity in MS. To our knowledge, financial capacity has been investigated in MS in only one previous study (Tracy et al., 2016) . In this prior study, the Financial Capacity Instrument (FCI) (Marson et al., 2000) , a performance-based measure of financial capacity, and a neuropsychological test battery were administered to a group of people with MS and a healthy comparison group. People with MS with corresponding cognitive impairment were found to have declines in a number of financial skills in relation to both cognitively-intact people with MS and a healthy comparison group. Neurocognitive correlates of financial capacity in the sample of cognitively-impaired people with MS included mental flexibility and working memory.
Although this initial study contributed much to the current knowledge-base of financial capacity in MS, it also had some limitations. First, people with MS were not analyzed by disease subtype which limited the generalizability of the study findings. Second, proportion or levels of financial capacity impairment in their MS group were not provided. Third, based on the results of a principle component analysis, cognitive tests were grouped into two components which limited the ability to identify specific cognitive contributions to financial capacity performance.
In the current study, we build on this initial work of financial capacity in MS. Specifically, using the FCI and a neuropsychological test battery, we (1) compared the financial skills of people with progressive MS-a particular MS subtype that shows marked cognitive decline-to that of healthy comparisons, (2) provided information about the proportion of our sample that showed financial capacity impairment, and (3) investigated specific neurocognitive correlates of financial capacity in the MS group. We hypothesized that people with progressive MS would demonstrate declines in relation to the healthy comparison group in complex financial skills. Similar to that of people with aMCI, we hypothesized that basic arithmetic ability would be the key neurocognitive predictor of financial capacity in this sample of people with progressive MS.
Methods

Participants
Following institutional review board approval and the obtainment of informed consent, 22 people with progressive-either primary progressive or secondary progressive-MS were recruited from the University of Alabama at Birmingham (UAB) Multiple Sclerosis Clinic. All diagnoses of MS were made by a board-certified neurologist (K.B.) according to Poser criteria (Poser et al., 1983) , with clinical course of MS (i.e., primary progressive and secondary progressive) defined according to Lublin and Reingold (1996) criteria. Poser criteria were used because of the more clinically restrictive properties in relation to McDonald and colleagues (2001) (Cowen, Sjostrom, Doughty, & Randolph, 2007) . As such, all study participants also met McDonald criteria for MS.
People with MS meeting the following criteria were accepted for inclusion in the study: aged 21 or older; diagnosis of progressive MS, disease duration of five or more years, absence of acute disease exacerbation, and performance falling at the 5th percentile or lower on at least one cognitive measure using a modified version of (complete test list can be found below) Rao's brief neuropsychological screening battery for MS (Rao, 1990) . Exclusion criteria included an absence of serious psychiatric illness, history of substance abuse, and co-existing medical illness adversely affecting cognition. People with MS with mild or moderate symptoms of depression were not excluded. People with MS who scored ≥29 on the BDI-II were considered to exhibit severe symptoms of depression and were excluded (Beck, Steer, & Garbin, 1988) .
In total, 18 healthy comparisons with similar age, education, gender, and race were also recruited. Neurological and neuropsychological evaluations of the healthy comparison group were conducted to ensure the absence of medical and psychiatric conditions that could impair cognition.
Measures (listed in order of administration)
Financial capacity measure. As our measure of financial capacity, we used an eight domain version of the Financial Capacity Inventory (FCI) (Griffith et al., 2003; Marson et al., 2000) . The eight domains vary in complexity and include basic monetary skills, financial conceptual knowledge, cash transactions, checkbook management, bank statement management, financial judgment, bill payment, and investment decision making. FCI Total score represents the sum of the eight domains. The estate planning domain (domain 8) is considered experimental and was not included in the current study.
Cognitive measures. The neuropsychological battery used in the current study was composed of the following tests:
• Attention: Digit Span and Arithmetic subtests from the Wechsler Adult Intelligence Scale -Third Edition (WAIS-III) (Wechsler, 1997a (Wechsler, , 1997b • Arithmetic: Arithmetic subtest from the Wide Range Achievement Test -Third Edition (WRAT-3) (Wilkinson, 1993) • Verbal Memory: Selective Reminding Test (SRT) (Buschke, 1973) , Logical Memory subtest from the Wechsler Memory Scale -Third Edition (WMS-III) (Wechsler, 1997a (Wechsler, , 1997b • Visuospatial Memory: 7/24 Spatial Recall Test (Rao, Hammeke, McQuillen, Khatri, & Lloyd, 1984) • Processing Speed: Paced Auditory Serial Addition Test (PASAT) (Rudick et al., 1997) • Language: Phonemic/letter fluency ("F," "A," and "S") (Spreen & Strauss, 1998) and semantic fluency (Animal Naming) (Ruff, Light, Parker, & Levin, 1996) . • Executive Function: Executive Interview (EXIT-25) (Royall, Mahurin, & Gray, 1992) Measure of MS Severity -Expanded Disability Status Score (EDSS) (Kurtzke, 1983) Measure of Depressive Symptoms -Beck Depression Inventory -Second edition (BDI-II) (Beck, Steer, & Brown, 1996) .
Procedures
Trained psychometrists administered and scored the FCI according to well-operationalized criteria (Griffith et al., 2003; Marson et al., 2000) . The neuropsychological test battery was also scored according to well-operationalized criteria. Psychometrists were blinded to study group.
Statistical Analyses
Demographic variables of people with MS and the healthy comparison group were analyzed using independent t-tests (age, education) and Pearson's chi-square tests (gender, race). Group comparisons on the FCI, neuropsychological measures, and BDI-II were also performed using independent t-tests. For the FCI and all neuropsychological tests except the EXIT-25, higher scores indicate better performance. Lower scores indicate better performance on the EXIT-25.
We used psychometric cutoff scores derived from the performance of the healthy comparison group to categorize level of financial capacity impairment in the MS group. This approach has been used in a number of other capacity studies by our group (Marson, Ingram, Cody, & Harrell, 1995; Okonkwo et al., 2007; Triebel et al., 2012) . For FCI Total score, an "intact" outcome was defined as a score >1.5 SD below the mean of the healthy comparison group. For scores ≤1.5 SD to >2.5 SD below the mean of the healthy comparison group, a "mild/moderate impairment" outcome was applied. "Severe impairment" was classified as a score ≤2.5 SD below the mean of the healthy comparison group.
The association between overall financial capacity (i.e., FCI Total score) and neuropsychological measures in the MS group was first evaluated using Pearson's product moment correlations. Neuropsychological variables found to be significantly associated with overall financial capacity were then used to construct two regression models. For the first model, we only included variables that have been shown to predict financial capacity in people with aMCI and mild AD. For the second model, we included all significant neuropsychological variables in a stepwise linear regression model to predict FCI Total scores.
Due to the number of comparisons, a conservative two-tailed alpha of .01 was used for all analyses.
Results
Sample Characteristics
Sample characteristics of the two study groups can be found in Table 1 . People with MS did not differ from healthy comparisons on any demographic variable (i.e., age, education, gender, race).
People with MS displayed a tendency to endorse more depressive symptoms than did healthy comparisons. However, BDI-II Total score did not differ significantly between the two study groups.
FCI
Performance of people with progressive MS and the healthy comparison group on the FCI can be found in Table 2 . Statistically significant differences were observed between the two study groups for five of the nine FCI variables evaluated (Total score and four domains). FCI Total score was significantly lower for people with MS than for healthy comparisons, and scores were also lower on a number of FCI domains: Basic Monetary Skills, Financial Conceptual Knowledge, Bank Statement Management, and Investment Decision Making. Large effect sizes were observed for all significant FCI variables. Although the difference between performances of the study groups on the FCI domain of Checkbook Management was not quite statistically different, a large effect size was observed.
The EDSS was not significantly associated with FCI Total score (r = .06, p = .797).
FCI Impairment Ratings
Impairment outcomes are displayed in Table 3 . Exactly 11 (50%) of the MS group exhibited mild/moderate or severe impairment for FCI Total score in relation to the healthy comparison group. n/a 5.9 (1.0) n/a n/a BDI-II 5.6 (4.7) 11.2 (7.8) 2.7 .011
Note: For age, education, and BDI, cells are mean (standard deviation). For gender and race, cells are frequency (percent). t /χ 2 = t or Pearson's chi-square statistic; p = p-value for t test of group differences; MS = multiple sclerosis; EDSS = Expanded Disability Status Scale; BDI-II = Beck Depression InventorySecond Edition; n/a = not applicable. 
Cognitive Predictors of Financial Capacity in MS
Performance on the neuropsychological test battery by both study groups can be found in Table 4 . People with MS scored significantly below the healthy comparison group on every neuropsychological test except the EXIT-25.
Correlations between FCI Total score and the scores of people with MS on neuropsychological test measures can also be found in Table 4 . All neuropsychological measures were significantly associated with FCI Total score except for the EXIT-25. BDI-II Total score was not significantly correlated with FCI Total score (r = −.17, p = .469). Table 5 presents the results of the forced-entry regression model that only included cognitive domains which have been shown to be associated with financial capacity in people with aMCI or AD. The total R 2 for the model was 0.721. Table 6 presents the results of a stepwise linear regression predicting FCI Total score from the neuropsychological performance of the MS group. The SRT Total score for learning trials 1-6 was the initial neuropsychological variable retained. In step two of the regression, WRAT-3 Arithmetic was retained. These two neuropsychological variables accounted for a little over half of shared variance in FCI Total score in this sample of people with MS. When entered into a forced entry regression model, these two neuropsychological variables also accounted for a little over half of shared variance (R 2 = 0.512) in FCI Total score.
Discussion
In this study, we investigated financial capacity in a sample of people with progressive MS. Although financial capacity has been shown to decline significantly in people with MCI, AD, and PD (Martin et al., 2013; Sherod et al., 2009 ), only one prior study has been conducted that examines financial capacity in a sample of people with MS (Tracy et al., 2016) . Similar to this prior study (Tracy et al., 2016) , we found that financial skill decline is a characteristic of cognitively impaired people Note: t = t statistic; p 1 = p value for t test of group differences; p 2 = p value for correlation between FCI Total score and MS neurocognitive performance; * = statistically significant at .01 level; SS in MS = average scaled score for MS group; % Impaired in MS = percent of MS group impaired at or below 5th percentile; FCI = Financial Capacity Instrument; MS = multiple sclerosis; WAIS = Wechsler Intelligence Scale; PASAT = Paced Auditory Serial Attention Test; SRT = Selective Reminding Test; WMS = Wechsler Memory Scale; Exit = Executive Interview; WRAT = Wide Range Achievement Test. Norms/scaled scores were not available for the Exit-25, so a cutoff of 15 was used. with MS. Specific to our results, we found that declines in financial skills are a common feature in people with progressive MS, with exactly 50% of the current sample showing some level of overall financial capacity impairment. In addition, a number of cognitive variables were associated with financial capacity declines in the progressive MS group. Thus, diminished financial skill and knowledge appear to be a salient functional change in people with progressive MS. In terms of specific financial skills, the current sample of people with MS demonstrated significantly lower scores than the healthy comparison group on FCI Total score and on 4 of the 8 FCI domains. This finding is similar to that of a prior study that grouped people with MS according to the presence or absence of cognitive impairment and not according to MS subtype (Tracy et al., 2016 ). In the current study, significantly poorer scores were noted for the progressive MS group in relation to healthy comparisons on 4 of 8 FCI domains (i.e., Basic Monetary Skills, Financial Conceptual Knowledge, Bank Statement Management, Investment Decision Making). Scores on these same four FCI domains were also found to be significantly poorer for a prior sample of people with MS in relation to both healthy comparisons and people with MS without corresponding cognitive impairment (Tracy et al., 2016) . Interestingly, however, the cognitively-impaired sample of people with MS examined in the prior study also exhibited poorer performance than a group of healthy comparisons and a group of people with MS without corresponding cognitive impairment on two additional FCI domains (i.e., Checkbook Management, Bill Payment).
The financial skill deficits observed in the current sample of people with progressive MS also has both similarities and differences to those observed in people with aMCI. In a previous study by our group, we found that people with aMCI were able to understand financial concepts but struggled in the practical application of these concepts (Griffith et al., 2003) . In the current study, we found that people with MS had difficulty understanding financial concepts but that their practical application of these concepts depended on the level of difficulty of the financial task. For example, with exception given to the significant difference observed on basic monetary skills, the progressive MS group demonstrated the ability to engage in basic everyday financial tasks (i.e., pay bills, make financial transactions) about as well as the healthy comparison group. However, more advanced financial skills that may be less frequently utilized (i.e., managing a bank statement, making investment decisions) were significantly lower in the progressive MS group. These results indicate that people with progressive MS are at greater risk for showing impairment in complex financial tasks.
FCI Total score was found to be associated with a number of neuropsychological variables in the progressive MS group. In fact, overall financial capacity of the progressive MS group was significantly associated with every administered neuropsychological test except for a measure of executive function. The relationship between overall financial capacity and all cognitive variables went in the expected direction-as neurocognitive performance decreased, so did financial capacity. In sum, financial capacity in progressive MS appears to be a complex cognitive phenomenon and deficits in many cognitive domains may affect the ability to carry out financial tasks and to make sound decisions in financial matters.
We next used cognitive variables that were significantly associated with overall financial capacity in the MS group to create two regression models of financial capacity. As expected, although accounting for over 70% and 50% of shared variance, the resulting models did not account for the full variance on FCI Total score performance. It is likely that other non-cognitive variables (e.g., sensory processes, fatigue, anxiety, disease factors, etc.) were contributing to score variability. Nevertheless, the resulting cognitive models provide insight into financial capacity in progressive MS and present preliminary data in need of further investigation. For example, the resulting models allow for comparisons to be made with financial capacity predictors in aMCI and AD and allow for future MS researchers to test the generalizability of variables found to be primary and secondary predictors.
For the forced-entry model, cognitive variables that were significantly associated with FCI Total score in our sample of people with MS and related to cognitive domains previously found to be associated with FCI Total score in aMCI and AD were used. Overall, although the resulting model accounted for 72% shared variance in FCI Total score, cognitive variables were not significant predictors at the individual level. It should be noted that the administered neuropsychological tests varied between the current study and previous studies in aMCI and AD conducted by our group. This discrepancy is particularly noteworthy as it relates to executive function. In contrast to a previous study in aMCI and AD (Sherod et al., 2009) , executive function was not found to correlate with financial capacity in the current sample of people with progressive MS. However, the executive function measure used (i.e., EXIT-25) is not particularly sensitive to executive dysfunction, and is typically used as a screening instrument. There is also relatively little research validating its use in people with MS. Thus, future studies should use more rigorous measures of executive function.
For the exploratory stepwise analysis, short-term verbal memory was found to be the primary predictor of overall financial capacity in this sample of people with progressive MS. Although short-term verbal memory was found to be a secondary predictor of overall financial capacity in people with mild AD, it was not found to be either a primary nor secondary predictor in aMCI (Sherod et al., 2009 ). Thus, short-term verbal memory as a primary predictor of financial capacity appears currently to be unique to MS. There are a number of potential explanations for this unique finding. First, it may be that the nature of the list-learning verbal memory test administered (SRT for current study and CVLT-II for previous study) played a role. Second, it may be that the current sample of people with MS exhibited a greater range of scores on the verbal memory test than did the previous samples of people with predominant memory impairments (i.e., aMCI and mild AD). Finally, it may be related to unknown factors characteristic of the different neurologic conditions. These and other potential explanations are in need of further study. An important note about the use of stepwise linear regression is warranted. Given the dearth of previous studies on financial capacity in MS, we included the stepwise method as an exploratory analysis that is in need of replication in future MS samples using a forced-entry approach. In addition, the small sample size in combination with the number of potential independent variables increases the risk of the results not being replicated in future samples. Thus, results of the stepwise model should be viewed as preliminary, and future studies should seek to replicate these findings using a forced entry approach.
The results of the current study also highlight the importance of written arithmetic ability in financial capacity. In both the current study and a previous study, we used the Arithmetic subtest from the WRAT-3 as the measure of written arithmetic ability. This measure evaluates a number of arithmetic skills including conceptual knowledge of numbers and arithmetic problems, counting, and calculation (Lezak, Howieson, & Lorinsg, 2004) . In the previous study, written arithmetic ability (i.e., Arithmetic subtest from the WRAT-3) was found to be the primary predictor of overall financial capacity in both people with aMCI and people with mild AD (Sherod et al., 2009 ). In the current sample of people with progressive MS, written arithmetic ability was found to be a secondary predictor of overall financial capacity. Thus, these results further strengthen our earlier contention that written arithmetic ability is integral to a range of financial tasks as well as to overall financial capacity.
There are some limitations and future directions to consider. First, similar to other university-based studies, our sample may not be representative of the general MS population. Participants in the study needed to agree to participate in several hours of testing, be able to provide informed consent, and not have other central nervous system disorders. This likely resulted in a select group of people with progressive MS, and, therefore, results might not generalize to all people with progressive MS. More diverse samples should be examined in future studies. Second, the sample utilized in the current study was small and studies of financial capacity in larger samples of people with progressive MS are needed. Third, only people with progressive MS were included. Studies of financial capacity in other MS subtypes are needed. Fourth, laboratory-based approaches to evaluating financial capacity may not fully correspond to a person's ability to carry out real-world financial affairs. Future studies should employ convergent data sources including self-and collateral-informant report. Fifth, clinical validation of the resulting models was beyond the scope of this study and external validation should be pursued in future studies. Despite these limitations, our findings suggest that financial capacity is a complex and cognitively-mediated functional skill that is compromised in many people with progressive MS. Finally, remediation of cognitive deficits in MS could potentially lead to improvements in financial capacity, which could be a valuable direction for future studies. 
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